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METHOD hHD SYSTEM FOB MODE ADAPTATION 
iK WIfsi TM'XOH 

FIELD OF THB IWEHTIOII 
The v * \* ' ~* - - - v, - y i 

Mxutuva^rr systems \- * ^ad , - particularly to 

soda adaptation a.nc -g seie-c n ' ma n in 

c::ansi;vlt u nop hpa sa - ^ for special 

multiplexing . 

BACKGBOUHD OF THE TW-TEMTIO® 

1 t i ' T > x md 

f.aobils airt as snbsca;iba.i > apldlx i no - n - - * -< 

sUif U sv. * C v. >t » c >. i 

je&s dcvci.jj ) to -a . > :>verac>e s wireless 

communication systems , 



t v. , sue 1 

.seai tu a las v ; time Onder good 

r . > . J . . m ~ v i 1 

parameters, e.g., large data capacity , high signal gas 'i itgg 
high spectral efficiency and throughput. At these times 
icunts or « s z i 3 the 

channel caliabiys However, as the channel changes in time, 
the c - v - also change , til hex a I • ~eh 

data 

>X I _ " ~ v~ N f 

channel, performance - - the transmitted data mev 

rper - - -a ^ - v 
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couuTumicatiori parameters, For instance, transsu. tried data 

rates. The degradation of tXm channel can he dun to a 
multitude ei factors n;ch ?.. r ivmeefi l< Lse is bra; channel, 
oft i-oatn fadi.ian less 5th i 

c Ch.a.: ne Inn a: me n (C - x : » t< i 

By reducing CC1 che .n vt-n ;:;u; c. ah b ratio can. 
foe improved and aha spectral efficiency increased. 
Specifically., improved C/I ratio yields higher per link bit 
rates, as art. a a more aggressive frequency re-use. structures 
and acr< ms s t ioverag* f the s; 

It is also krura i r Icatio art that trans® 

an its and receive units equipped with antenna arrays, 

. i i n e terras, as apneas 

performance- Antenna arrays can tooth reduce multipara 
fading of the desired signal and suppress interfering 
signals or CCi . Sue's arrays car coesecfuencly increase both 
the range and capacity or wireless systems,. Thas is true 
for as 
well as Fired Wireless Access (Bibb? systems. 

In mobile systems, a variety af factors cause signal 
l *. r ^ u N I " o U N i v a 

Another scares af signal degradation is sc.hr loath rsi h:e , 
in which the raceived amplitude and phase of a signal 
varies eve a time.. The fading rate can reach as much as 200 
.Hz t ' v > a ^ 

of about < . i Shir, In sach .ire recreate, the problem is to 
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- I v \ the signal of the eser being »< d from 

the co] j v "c] f o esl sign 

i. m-s taeeied f the array> 

In & > 5 the receiver resisins 

stationary; signal fading rate is .less than .in mobile 
<• 1 < In li <>r , u e N h < - - > " or , ; the 

longer since che receiver does not reeve. Still, over time, 
sha >: coherence Li hi ret i tie ; ■ rerae ss we 

Antenna arrays enable the system designer to increase the 
total .received signal power, which rnakes the. extraction of 
the desired signal easier. Signal, recovery techniques 
using adaptive? antenna, arrays are described in detail ? 
e.g., in the handbook of Theodora Sd Rappaporty .Smart 
As re no as., Adaptive Arrays, Aigorrite/So & Wifeless Position 
ho a a r or:; eon Paulraj „ A..1, at at*, "Spaoe-Time Processing 
for »' ^ o r-s", l 3\iv' _ < ~o 

Magazine, her. 1997, pp. 4 9-83. 

Prior art on. re: err systsvis have ecployed adaptive 
modulation ot roe traoeed tree signals with the use of 
feedback wore the receiver as ^ as adaptive coding and 
receiver reedCace to adapt rata •. arc. sr.; or to changing 
s l 1U N v «. d 11 s »f.f „* * NV of 

chancel caps.--; try with Tnu.lt.lple transmit and receive 
antennas is not. possible only eith adaptive nsodnlation 
end/en; cod inc. 
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--f-i ^t^ iunna nu' 4 ;} < 'rt> a 

Base Trafiscsi^er S M It s 

Access (Siltf-d Is these cystous the users or reserve- units 

have to foe sufficiently separated in space and the BTe uses 
its t v , , * v. <- v 

t > > V « i'l IxlS 

U > - . II. tO 

t 3 n > ^ v I < N ; i t 

( - e , - i - ^ , t are 

transmitted simultaneously to multiple users oho are 

lently spatially se 

The disadvantage of the beara-rorrslnq method taught cy 
Bar rati: or at . , Otters ten et a '.U , and Roy III is that the 
users have to be spatially aell separated and that their 
spatial signatures hare to be known. Also, the channel 
information has to be available to the transmit unit ahead 
of time and the varying channel sonant ions are not 
effectively talons into accounr, llinally,. the 0c an; formed 
transmit only one stream of data to each user and thus do 
not take full advantage of tines when a particular channel 
may s ^ it ~ - t " " a 

higher data capac.-? " . x ta or better 

u i i * s Ion of ta 

formatted eith a less robust ceding schema . 

0 v cuts art j a Tim 

:\i?m ^ „ " - vuvr ? \ ^o c s 3 
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aitipla antennas for diversity.. The proposed, 

aploifs the concept of adaptive transmit cow 

oo v 'i , _ .o a 

snorting to a signal quality indicator fed back 
ran emitter . 



ho, 5,314,946 to Avidor eu al . teaches a system with 
id p ntenna 0 i namica 

as the channel caanaes . Specifically, the beams are 
adjusted as a function of a received signal indicator in 
order to ma a. ird.se signal quality and reduce the oysters. 



The a i lot d * \ <. •> > u to 

? on .by ssittiiig the sshb i \ 

i.e., r.ae same data stream from ail antennas, 
- ^ , , the prior art also teaches that transmission 
apac u> increas x * 

stream from each antenna. For. more lot or.mati.ou about 
carta fcisvai >y era s u - va u 1 1. sreni 

date stream; a t dirhrreos t she reader, c-: referred 

to 13. Pat., ho. 5, 345,5.99 to Paclraj , L J. et al., and to 
Poschini, G. J, , " Layered Space-Time area si act arc for 
a ore J. see Communication in a fading Environment when Using 
Mufti -Element i stances'! Bell Labs Technical ahurnal, 
ir m 1 : ? 1 1. These mas sepecaahes are cnaaroaly referred to 
as antenna diversity so.hem.es and spatial ecltipieai ng 
a cocoes , 
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systems invri-o mapping of data converted. Into appropriate 
symbols to bhe antennas at the braasrott nor eon a array tor 
transmission . " tha case of spatial 1 < there 

con the 
txansrait sntenoas can belong to separata bare stations or 
mobiles rather than to a single antenna array. Prior art 
systems do no! beach rules saitobd.s tor dar srso.ning antenna 
mappings, or, more precisely, antenna selection for earying 

lEincd. condition; 1 p> t t j mod 

Development of roles for selecting antennas in the spatial 
in h v 5 _ ^ k , i > in 

the art. 



The p son I Invent >n a m i L'or ecxin 
antennas for transmits ing data over a channel by employing 

mult.!] i -pp 1 ,e ; s ersnt d 

j t 1 1 t'.'j i te tra s.trd t u 

e.g., mailt bp la m stations, and ,. receive unit 

having mult step of the 
method invoices \ - „ o '.5 "o, - - descriptor.. P one 

nibodi.fueni ; de p s nanne t? at b.x r 

another arebodsment, share r . ne nneanei ra subject to tires 

> - _ - H , 

The channel descripts;: has > p corresponding to 

the trans annel matron has 

snb-des Lpters n ■ ; >-ma ice ) pan ling 



WO 



t.O , x t' U-^C iV * 3 H < Ml 

descriptors in the form of subceecrri.s filters It also 

The ! 1 d ' •> •.. and 

a thresh . n t steps 

identified and the aatea.ce from among the transmit antennas 
sooiaced ;> £ > d iptc - reed. 

The quality parameter used in the method can be selected 

to~--.eoi.se ratio and poser level > The threshold is typicmiliy 
e minicuai acceptable value of the quality parameter. This 
threshold can he re-set or adjusted and the steps of 
identifying another sub-de.sor.ipt.or or set of sub- 
descriptors not meet ine the threshold can be repeated. The 
creeper t a otennas are then d act ivats L 

in case the spatial eaii.fipj.eeed coccuni cation is of the 
rye- employing number of au.b-carri.er tones rather than 
5 e.v v <■ > . u • v e >. , ^ s x% - - - are 

associated with an aeerage vales of the quality parameter.. 

quality parameter over cue sub-carrier tones. It is then 
this average reins of the quality parameter which is 
cr-carcred with t ~ threes . detaared ad w etheu the 

< • - , _ 
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In ->u *> < ! * -s i . ij-, 

removed ires the channel rua'. six H to obtain a subset 
channel matrix H ? . The remaining sub meats ice a to can ' be 
rearranged after removal ox hy In particular, the 
remaining sub -ma trices h can be ordered in accordance with 
the v ; m ; , - - : ^ m- / ^:.ir .r, .jh the 

cab-matrix hi which exceeds the threshold the most or has 
the f * - 

The in 

n: dance xi at \ i I ? r.eri 

by 11 m - " if the 

threshold can be based on the selected mode and the 
selected mode can he baaed on the quality parasneter. 

The receive unit car employ any receiver ouch so a laexievam 
likelihood receiver ,< a aero forcing equaliser receiver, a 
successive can eelia teen receiver, o minimum mean square 
error equaliser (KM SB ; receiver. 

In another erdrodimera ,. a set of a or earner; borers, i .mm , a 
set * t 1 ^ t - s 1 1 h is 

s t a d x i t Or? 

one. This method eon be applied in steps as veil, A set 
of antennas or a single antenna not meeting the assigned 



in r transmit mm beicam 

to separate trammer units, e.q,, to different base 
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stations: a t 2 £ t the 

base station trans-:*! v^-r vcich is to te ■> j, ♦ •« to 

~P t c juality parameter a he cel?e u? 

Systext m be 1 pat:i 



. > \ . 1 . x 'i nas 

a channel estimation block for a.ene mining' ctonnol 
descriptor, a mode selection block for receiving the 
iual.it y par ax * S * 1 the qoali? 

paraxtieter, and identifying among the sub- descriptors of the 
channel descriptor at least one sub- descriptor not meeting- 
the threshold x The receive unit has a feedback unit for 
sending feedback related to the at least one su.b---desc.riptor 
to the transmit unit or., as the case amy be, to the base 
stations , 

in f it <■ a 

controller at the transmit unit receives the feedback and 
t , ; > 1 ' x N rs ixcs = e> case 

the t m > transceivers* a 

ore _ n* „ ~-- cro to 

receive the feedback and deactivate the corresponding 
transceivers or their antennas. 

The m _ _ - ^ v - ^ 

; - - - - ^ for 

transmitting data from each translate - „e :ii 
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h detailed description of toe invention and the preferred 
and alternative embodiments is presented bsioo in reference 



BRIEF DESCRIPTION OF THE FIGURES 
fig. 1 - - 3 - , - gras str sting a 

coalman i cation system in 'eh; rh the method of the 

Fig. 2 rs ,i simplified block diagram illustrating the 
transmit and receive units according 'to the 
invention. 

Fig.. - - > v x 't 

in. accordance oxth the mention, 
Fig.. 4 is a block diagram of a aparial asaltiplering 

block of the transmit unit of Fig, 1 , 
Fig. 5 is s block diagram of exemplary receive unit in 

accordance e.ith the invent ion. 
[ - ,i lati 1 ing the opera tens 

Fig, 7 is a id not diagram of a node selection block of 

the receive unit of Fig. 5. 
Fig., 8 is a.a eaomplary t.ioe chart of the a-efhod of the 

invention. 

* is a diagrat Mars ox the 

invexrt Lon< 



DETAILED DES 'RIPTIOB 

The re shod ant - ys " entio.n vri.13 be 

best "ikoo sftar _ r : lore the high-level 

diagrams of tigs, 1 sod 2. fig. 1 iiiostrates a portion of 
a a? ire .less crmmao.xea id or sysv.em 10,, e.g.,. a cellular 
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wirekss s "or s - - N is dowr. 

ticftfcttjhlc km: - his ared where . - unit 11 

is a Base Transceiver Station (BIS; and a receive ua.it 14 
is a mobile o > 33 user d mp.I 

^ 1 v v , ±4& t l&f MC 

hu h re poi i.es a ic a 

j. . - - „ i*.£u _ ) i, ( - 

lit t \ - > ( * i n 

Of coarse, the same method can be used its. uplink 
coauaunlcat ion from wireless units 14 to BIS 12, 

BTS L2 6 consist is 1 of 

i t antennas ISA, 13B, v. w 18H. bsceivs 1 s? 14 ar« 
equipped with antenna arrays 20 of H receive antennas (for 
details see Figs. 2, 3 and S)t BTS 12 sends transmit 
signals TS 00 all rc 14 via chain £ ana 

2.2B.. For ^ 0, 1 — only channels 21\, 22B between BTS 12 
and receive units 14&, 14B are it ilea ted, although BTS 12 
transmits TS signals to all. units stoma In this 

p ivt.iculat cave, receive units 14A, 14B are both located 
ait hi. a one cell 24 . However, under suitable channel 

dit t 12 1 1-1 < t ^ ^ t. s i 0 

cell 24, 

The t:aas .-avi at -a - c s-nela 22A 22B causae transmitted 
signals TS to experience fluctuating levels of attenuation, 
f v t - a del n:a ric s 

ei 5, 'I : „ 1 x s. oi - an >3 s 

$.2A, 22B such as data capacvity, signs.', quality, spectral 
s f f ic • an cy or th £ a as hpu t an da r g o t smpq r a .1 change s , Thus , 
„ TLA ^vb - - ~ „ , s. 5 ~ - 
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I m <\v » -n* ~ 

are r * 

In > - BTS 

12 • > - > _ _ i jo . - o w 

so e ss : ra N 1 1 o u 

, , , , < , 20 \ — - n _ 14 o M up 

to 1 ^ t 13, 
The method of the invention finds an optiraosi choice of 
t - n 3it mi una; ISA. 18B,, , , v , IBM selected adaptiveiy 

and c ' on" „•> , o t N ' n " > ISA, IBB, * 

ISM, r some o in a'ccorc e wit 

the rules described below to improve performance * 

Fig, 2 illustrates the fundamental blocks of transia.lt unit 
12 ana one receive unit 14 necessary to employ the r?cbeoo. 
Transmit unit 12 has a control unit 26 connected to a data 
processing block. 28 for receiving data 30 to be converted, 
to spatially multiplied, transmit signals TB to select 
oransoJ. t ;op.onn-;s ISA,, 18B, . 1 8H for erao emission 

^herefrom, a nn~c.onv£rs:.or : ~nj St .cg.d .id a can ion blocs 32 

t^A IBB f 

IBM, 



On ^ „ ^ - - - - 14 d 

> nt.er.na 34A J4B, , , 34K 5 30 for 

soei v.i ng rocs ivs - csti g-nd 

rsion blsc.l 3£ - and 

; hem tc 38 i processing 
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block 38 includes a channel, measurement or estimation -unit 

coefficients matrix K characterising channel 22, 

& mode selection .block 40 uses matria k and a chosen 
n h v \ a - " v f a. 

a <. 5 i { v t ! ! a L a k 

40 can foe any nsetal sig.aa.i characteristics measare sack as 

noise ratio (dba) power level. Block 40 auakes the 
do > 3 r c t at i§A f IBB 

, , , 18M should bo transaatctinq in order- to keep the quality 
pai mtei above a certain minimum required Tsiue .or 
threshold. It i s selection is fed back as indicated by 
dashed line 42 to transmit unit 12. In case channel 22 is 
ait) < 1 a « - < > 1 

between the receive and transmit a ait a, no separate 

ieactivate th ieransr ihenn; t c I oi s 40 has 

istermined should i\n 

Im " i - SO for 

practicing rao method of ires invention is shave in Fig. 1. 

Da 5? xi dels e c „ f - o stream has 

isrl p> is to 

rsnder the date more robust against errors.. Both of these 
vl; 5 ~ i 1 •• i i.ri 
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Data 52 x ieli.^ - « < , 

specif ica I 5 \pl~:<ing S€ >ck 56 
u • > * - ) 52 

(. ; * 52 

can ! a n a 

consteliation selected from among rSK ; QM-h SMSEd FSK t M ( 

PPM, CAP, CPM or other suitable constellations, The 

raosrai.ss.io < r $ S2 u ' aro 
depending on the m0du.lati.0r5 and coding rates used in each 
of the k streams . 



Mode 




. .1 — 1 
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table 1 illust rates son .•; Lugo/ec-il noauitiion and coding 
rates with the corresponding throughputs which can be used 
in the s i v ? invention The 

entri.es are cornrsniently indexed by a mode number.,. 
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Toe cod-; u - i sec to more cc 

the nmniaiaaion - * apt 

the k strsasis. Tables analogous to Table 1 fc 
coding rates and iTiodo.let.iori can be easily derived ; 
techniques are wall -known in the art. 



Once coded and modulated in symbols, data 52 ; 
switching unit m< Depending on its setting 
?:><■ i - o 

it 11 m m>. - „ 1 ^ > ^ 

The u i r'asp } ranssd r. an tei 

72 i 70 

^ no t»iu , -1 „ a > ~ r 1 i ap™ 

con vers ion /RF eraplif rear, ion blocks 74. Transmit antennas 
72 transmit data 55 in the form of transmit signals TS V In 
this case transmit antennas T ;i , T 2f « * , with, the 

exception of transmit antenna 'It are trans.mi trine coded 
streams. In other words, k~M- I - The determination to 
deactivate antenna It .is made in accordance, with the method 




ya , or 

m < * > 5<v „ - i ~ 68, 

' abase 78 - troiiex 66, D< sse 

v. \ eormains a aabie, - - a spatial mo.iti.plea 



feedback to transmit unit 
Oan.dva.dtra> 
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Specifically, transmit unit SO roc tea 

9c , 80. 

- ■ v n i a ~> c f*0 N ^ 1 ' ' ' any 

other designation, which aocernas cc operate and chick to 

leact.ivai and fo ? trailer 66. 

In >n N o> * < t 

^ ^ <$t> no ! if in 

database 78 and- thus determines the modulation, carding rate 
and any otter parameters .tor toe associated antenna. 

Receive unit SO can send back a; channel descriptor , e,g,, a 

a citable descriptor identifying the action of the channel 
on ■transmitted, signals TS, to transmit unit BO. In ttaee 
oc transect unit SO can <- the channel decor rotor la 
its operation to derive any information .la addition to 
i ttO ^ ] x ^ ~ t _ ^ ^ * * 1 > < j to 

channel 22 > In the event of using time-division duplexing 
he! ! im area 

ra.meters ai N < n f 

from receive unit SO or remote subscriber unit, as is knees 
in the art,., ant no dedicated feedback extractor BO is 
repaired. 



1 22 eaet it can be nod ed 

as 1 ^ ' N , 1 1 

22 h.a ? j v. 22 

har? a t > " - Dec ling on the t.ransm ss on 

syoboi rate,- for: a given delay spread oca an el 22 will havs 
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spread cnanns.l 22 can be repr sssr, sd by an M-P-i nc:..,. <x where 
\ i > i 92 t 

is v fiber oi - antennas 72 I bhex is 

delay spread., channel 22 can be rapressnirso by a matrix 
- H t H 2/ , <> 1%,, where Hi is 

the hi ' a t rax i - th af 

'■en - mi . . > -a a -n v. i Hf* u i the 

ryroPo;. dirration. is chosen .much .'longer than the channel 
delay spread... In this esse,.- each, sab~-carriar frequency or 
tone has an ii.Kii. vidua! channel represented by an Nab! 
matrix, , h < « . . > M~ where T is the number of sub- 

carrier tones. 

In an eaibodiment of the .invention where int. er-syibooi 
f n i " c > } % - i * t of 

22 express ngia ci nrs a! Ratals H In 

accordance with this descriptor, transmit signals IS 
propagating through channel 22 are affected by channel 

f C I Jp „ K ^ 

u rices h rare in t i c ran i alec h>, rp, 

associated with a corresponding sub-rratrix h ;/ s , , < , h V( , 
, . , ip ! nsi ea entries in eac • sub- 

feat six h Is diatatso by true ruanber cf receive antennas 22 
N a ' N n~ the 

iubv. i ' ^ . „ " - ^ _° an 

t s a xv ra \ging trova ajj t o 
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m i v rC-> - -6 is 

first parsed ir parser 58, which is is direct : :mmsai cation 
with controller 66. - t 

feedback extractor SO, con v. re. I lor tells parser 58 into how 

52 iivi f 

with a resits pi ex lea bleat 62 and. supplies tee streams to 
its actios and module! let blocks 64 . Hav ng separata 
i eg ^ • uoliiii oh^ k v ,i 64 for N r t <o a -n b t ' ^ 
i i * - N - - o ^ f ->u in. 

each stream.. 

Fig, S si. las traces receive unit 90 far reoei.Ti.ng receive 
signals BS Oroxr. tra.ns.fi i - 50 - a- eta -o I 22 ad K 
receive antennas f2» Raaesva unit §0 can he any suitable 
receiver capable of receiving spatial multiplexed receive 
signals RS ale the N receive- antennas 9.2. Exemplary 



forcing equaliser receivers, successive cancellation 
receivers and minimum meat square error equaliser 
rece leers. Recasts e.o. a SO ass an hi aerie fisati n and 
>l' c . : n/« ' - -- stage 94 satin at visas if 

xp it - ) oed analog- to-digital 

.- avarter blocks §6 associated el. ah each at the k taceive 
antennas 72, The k outputs at stage 94 era connected to a 
,e r < ag _ „ ml_mm ; . ^ e , --'O.o signs., 

detection and decoding and demultiplexing functions. The M 
output si t 94 t „ c *m 1 - tl si, n„ 

est at N " 100 1 h al sstia si n 100 obis a. s. eassuremeas 
at oaanns' 22 - rticui-; i atermines the 
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22 

on i ,s- 

Estimator 100 is connected to block 98 to provide block 98 
\jtu v r „ ,o;o b - bi da scrip is 

typical \ determined p/ vo 100 a Log a 

procedure veil- known in she art, In case there is no 1S1 
estimator 100 deteradaes ohanaei matrix H for the 
i 3 ^.k oii v * •> - ' „ 70, In 

- > . u i ^ > . S{ { t- - b*hj x ' " - < -ai i- ^ ' 
filter H with the aid of training sequences which are as 
long or longer than the delae spread. In mo It i- carrier 
operation each sub-carrier tone tas a oi fie rent channel so 
training is required for ail sub-carrier tones. During 
training estimator 100 determines cnaaael matrices R- f Vh f 
< >. „ ;•]-.- for all sub-carrier tones, A deinterleauer and 
decoder (not shown) can foe placed in the data si roam if a 
i - , i , d > , in 

tra con e*i SO 



h t i LOO i •> or m a * a 

block 102, been arises ion nicer 102 is corn scree ro a 
database 104, Database 104 consasn.ent.hr co.s.ta.urs.? a h tp 

of these 01' a for each of she modes < In ether words , for 

any rarer os.L a ... x 1 a i i > - 

f - ~ ~ 104 For 

^ u corn (or 

repair ecb perfe.sma.nce criteria, e.ep, a required BEE, each 
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rats and oodii 102 can t'h 

cces in 104 ysoi^ resi ""a pes oa 1 a s 

fox the selected modes, 

. a „ , v ^ loai- , 1 ~V - n c a*- 1 v t, t 

parameter QP and threshold value QP t!j . for each mode rro;r an 
outside source, la yet another earrodirfient ,. block 102 can 
be QP 
or ansa its ovo t of q t 

eaholi a.J DP a p> % ■, r pin et by block 

102 or adjusted during operation by either block 102 or 
seme other circuit, as necessary, In the present 
erobcdimentv signal-to-interf erence and noise ra.tio (Sills} 
is used as quality parse- :oo-' 

Conveniently, database 104 certains the saaie entries as 
dexaoase IB ndex? «, > the 

arraegsraeet cokes it particularly easy for selection block 
192 i v.' u ' ;< ^ ss t : an £1 - sach tran; ait 

> t n r> n 1 - ?0 > v. a r t a J' "a so - 

cor i f .Ut-. , > * ; ; =. 

'i ii , i i ^ e i i 1 j 

pa - roo so too teocbocr to transput unit SO, In. fact, 
antenna naeiber and code car be arranger, in a table for 

tOP, 

trt t. e ; ^ ^ _ x Ml - 66, 

For active fcranssiit sn.teonas f 4 acsbsroller 66 retrieves tee 
corresponding coding; rote and naodrilation tree database 78, 
Altevcatriaeiy.,- selection block 102 can indicate directly 
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anion, transmit antenna or an ivenn&s ' ara to De daactiYafcad 

* "j In some cases, aha sar.ie ssnie can foe used by 

all. o - I to I t }> 

At , b - 

1 ^ i ,\ \ ^ ^ ,v - a in " " 50, 

Nod 5 seieci .. act I0S an blocs 
106 t ^ a— u o < r f , ' ^ e a 

C Kb ^ - 1 < £0 ! , 1 106 

can also sand channel, parameters, a , a . f in the forra of mode 
ouaooi In It.insaot i i SO < ' 1 •> §0 v la " rl r 

HQ x 1 aa a t : 

this information back to transmit aai r. SO, 

In this embodiment, receive unit 90 is a minimum mean 
square error equaliaer (MMSS) receiver requiring a receive 
processing maaria 108 based aa chancel matrix H to recover 

> core mat 1 08 as l; s below . 

102 i ; ' \ 108 ? , b>w, 98 ^ i,\ a In, . 

The » 22 - :tor s of M 

tr anarait T e traasad { 

antennas 72 is described by the system aquation: 

x^Rm^Rv, (1) 

where a is a a abb noise vector,. i\ is the. ban channel 
5. u ^ _ iaer sac a ia 



si 
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the t>:l receive vector estirateo oy i&ceive unit 90, It 
assumed that; 



where the superscript * denotes the con;) ugate transpose and 
£ ^ u> - s u — v and 

s. The error vector e can be defined eon; 

e&s-Mls-Kv. (3) 

The linear HM3E equal iner is found by minimi ring the cost 
function: 



C%8}~ Trace £{e/)> {4} 



t , i " ; ' - » can 

be simplified to; 

ev?) = in™ \r a ~ mm hhY \ iir # \ , (s) 

> „ t _ >> > , o ^ 

■> > < ^ t-i , n xt 1 v. ~~ t % ^ N <, v 

dC{R) , k , , _ 

r unction is set to sere, ~~ --00 and soiree r.or k, ixit 

eft 

yielding : 
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The t •• the 

value of. quality parameter OP for transmit signals TS 

* i f '\ Vi ^ *. 

v, v: r io -to- - v v ^ , * ' " i- 

is chosen as the quality parameter QTv The relation 

v h \d r. ,.-\.\\ - : - - 72 J v is: 



Of x-h ' \ • s % .i th n ' 1 be 

It * •> i < 1 ax ^ ^ 5 a > J 

quality parameters QP of or an so.it signals TS tran.smit.ted 
from each cf transmit antennas 72 and the receiver v 

in accordance with the method of the invention, a threshold 
value Q;P t h is assigned to quality paraxaeter QP. The 
assi.gnoi.snt of the threshold is based on. the desired quality 
of receive signals RS, Convenient iy, QP cfe is the ;oior.o.irn 
l >r h, o i, a ^ o' s u - * *v ■} s a - ^ 

i lata 52 by ! <ix c r to given 

the t te i models ! $2 stud ed by 

i t t aC - - bO For 

ace La, ah - - v. desired bit 

i or t p F~ j ad iveiyy oi 

^ x K « > . . ^ i vi r_r„ 

sates o 3 52 fo* s i 1 ya c v of 

receive signals PSi a person of average skill in the arc 
is familiar wish these characterisations and criteria for 
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In >o ~ K 2 :i.ri 

^ i - " - " - _ i ^- BSE 

> - i < u n ^ i the 

nehnimom threshold 3I'SR tt; . , . " , . > _\ 'WW... "> 

unit SO tor data 52 transmitted in r.raas.cdt signals TS from 
i-th antenna of transmit antennas 72 is related to SINRj, for 
the i-th antenna as follows : 

.. • {8} 

where erfe is the erj.mpls.me ntary error fursctioro, 

a T ~f™.: ] i, j , and Selecting a rob o cor 

acceptable BE It at receive unit #0 given the mode thus 
yields an Sltilh value to be used as threshold value Slht..> ; - 

i,e, f when no additional coding such as error coding is 
imposed on data 52. In the avert: such coding is used there 
is generally a ending gain which xd.il vary <atiilR f; > ; ,. as will 
be appreciated by a person skilled in the art, 

a can, ia used by mode select son block 102 to identify sub- 
descriptors or stance! 22 which do not meet threshold 
t ! to- , In this orbed irons v. ha sub-descriptors of channel 
22. ars sub-isat;! as s <>> * a - mat- Hy as chow Ln ig, 
£h tne sca--e < - < ^r*.h 

, , 12 The 

schematic of Fig, 6 illustrates e case where for all sub- 
matrices ty gn.al.ity parameter , exceeds threshold QFts. with 
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the - - -- f * 

Q? is STHP and thus SlPRjtPlnP^, . 

h i 1 sit i 

T- ; c ?.trj rmlvats In fact, 

transmit unit SO is shown in Fig. 3 with antenna Hi 
deactivated, i.e., no transmit signals TS are transmitted 
front ntenns if, IhU k- at n oi ne c atone 
I i . M! i ^ v i t > ,« i \ not 

> r <- , ' < the 

v na Loing t remit q tenna 

i > > iocle S6 cb 102 implement 

the deactivation decision. Channel matrix , QP and QP^ 
are received hy a comparison block 110 where Q? values for 
each i r t r ^ h. are compared with *. *\ given the selected 
mode (see Pig, 5) .. Comparison block 110 identifies which 
of n,tb-orort rices ;n h ) t ones ft 

i , in the present wbodiMOt sab-matrix hj, since 
QF 1 <QP ti , :? from channel matrix H. Removal of sab-matrix >n 
roe Mi,. v * proc > i v akrix H' , 

Comparison block 110 roc arnicas Cat for each sub"-matr.rx h, 
torresponcLiaici - a*- tn a I subset metric HI, 

Conveniently, recomputed QP, of subvreborices h,t of subset 
iotnoe.1 ralnr.t: k - - Per 



correspond ins d;.:>;;-.oa; i v of - .oansmit, Advantageous iy, 

the mode whose .required Of-,., is closest in voice to the 

5P " from 

espondln ti t t o.a i 



as 
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Block 110 also passes subset channel Tsatrt^ hi to a 
computing block 112- Computing block 112 ejaculates the 
processing it-.at.rix 108 or optimal receiver R opt and sends P j; ., 
to , ^ 

When i f a 

iifferent mode then employe , c mode -aith 

a t ai, * ! t 1 1 t > j is 

-t>o. -s 11 <N > hj 

i a. f pond si n no 

longer .meets QP Uif than that antenna is deactivated and the 
mode is fed back to transmit unit SO, In this manner, 
transmission of data 52 can be opt.fmi.ted for highest 
throughput at the set €}?,,«, 

In set f ion char i f Fig > hi s i \ iimeud the 
method for achieving highest throughput a mode number # 

* " N n pi an! 2Corve:: T v * * > < > the 

vu 1 ues Ofi for all sub-matrices hp, For convenience, 
antennas If and their corresponding sub-matrices h< are 
arranged in descending order of t P mapping of this re- 
arranged or ordered eat to the original order or sub™ 
c - t L > \ 5 ansmi anten - 5 j is 

r-, > n» , _ „ - „ „ - -v 

In - v % , 

^ i aadroid Qe S he 

- u . J < C - \ , " _ A'MtUt ^\pi i '- 
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mode #> When a QP, doss not. meet this ioeast. diresnoid QEpm-- 

%t _ - * rz s . n ^ 

kiU'..x }: tc piodu h the 

u« v - " „ f for 

eac ti vat ion ^t,^ > * o f he b.u>. of 

Qlh a" * 

have QP ;i higher thee QPth-j - it should be noted that more 
than one submratmir re car; be removed at a time. 

Once the fina s ei matrix i is 

sent to the second branch in the floe chart of Fig., 8 to 
determine the best modes to use for transmission from, the 

the number of remaining sub-matrices h if b- i . ' Then, in a 
recursive loop process, the best mods nuebsr for each 
antenna ic detotmined by direct comparison of QP k with QFthe? 
required for that mode #> The mode # for which the 

xmtparison yields Ida ( osest stch It selected for 
transmission from, corresponding antenna #.. Conveniently, 
the ancoona •% i - , - mm srOersb pairwiss in a tafoie 

for > b f - * * >n c . - -v - s <. v N i h ,. 

table is arranged ie agrae with the updated mapping of 
< . i v > i h l v S hua lodci ... N - 5 n - in 

i t> o v 

it a> ! ee notecb cast t > t no . ; .—set or 

adjust, lowest Qlb-s-m- For example,- when data 52 is not v-ery 
> i i j e „ n g :.n am bt lowered and wben 

dc SI i --"m„t in" t »- ^ ^ -c " : " -ou 

in face, the setting of lowest C:Puva iapetcis on the type of 
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data 32 - art of data 

processing.. 

Corns i block 110 sc „ x idat t t j 

individual or even groups or sets of i .-e-ru.r :uovs in. - i ^ o 
below lowest Q?<-> ; -. s and deactiuac.e the corresponding antenna 
or ant anas ruor.o Laoan.wrah vf n.na; 12, Of course., when 
channel 22 is very high, quality, no transmit antennas 72 



In general, the time period within which the above 
computations for antenna deactivation should bo repeated 
shonid be ahorter than the coherence time of channel 22, 



In v. c > t 

of channel information, whether using TDD or simple 
p Ui ca ice the selection of antenna ox antennae 

to ieactivai ;;n it < This al e app u it 

be convenient whan receive unit S@ does not have sufficient 

aloe; oi iao 0;h n . Or course, t.rans.oit on; SO <ouae. 

n i •• and 

ee.lsron~.oa); in caily re'xie so ecu >c i rlock 
102, t - ~>C? a > i % 



t v. :-ci 

spatiaj mu »r> \ nc , >yste 
tec . - . >' r~i of 

sheen . BIS 204, 206 are equip] 
* -~~ - foe Til - - for 



isUcc : , stci 2S0 sine 
200 has several base 
which tco 20'I, 206 are 
end " i . , - ut .n t^ una 
gn ,j transi " 
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mniiipis 



\ ^ - 2 IZ 

the ' 2£ hi 

his o no t ifige 5 pi e d ■> • i As 

described above, receive unit 212 can adjust threshold QP, U , 
in particular, it can ad jest threshold QP tti baaed on the 
desired mode. Receive salt 212 then determines a final 
selection which transmit antennas at tranced!: antenna 
arrays 208, 210 should be deactivated. hda:l u ional ly , 
receive unit 212 * ^ varied modes should be uses by 

the emad ing active transmit antennas of artuu 208 210 
It should be noted that under certain circumstances receive 
u 212 cay d tine t ( ba B. , ( C 2DS 

should not be transmitting any transmit signals to receive 
unit 212 at ail, 



The v n - < i v i i ^ 
receive unit 212 to STS 204, 20£, In particular, a control 

ogle f It ; r 202 receive the 

teeubaok case r av-h cult 212. v 202 can be a 

w n . 1 ^ - v _e 204, 

20S n _ Pi> 

alternatively., control logic can consist of separate 
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^ei 'o . . - H ^ " I no v " 't'*" 

are ^ l t _ _ r h " n > h \ 

t\ r H ^ us > ' u 

interference (1ST) is present due to broadly aaryirg tines 
of arrival or under other adverse conditions associated 
with ck spread, - a sge s; a the art is 

familiar with channel matrfs, filters H,, their nonstrootion 
sad their use ia reconstructing transmitted data under such 
channel coral:, trass . 

In particular, for a channel with delay spread the system 
equation is: 



ttan In. matrix form as: 



( Ek % U id ft.. .hi, 0 ... 0 V s, 1 f «. i 
a, : 2 0 /i. «,..//, 0 J | | 

5. 2 p 

?here s, is the signal vecmcm at time Kg n.; v is the noise 
s-r^-c t - i. ra 1 

g q is the number of reos.ivecl signal snap shots used for 
aascessinq {also referred to as the nealoer of equalizer 
-i- l ~ r ~ <r - •<• -u t ^ „ v~ <= and 
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)>g-f-L. a _ tha - * t. sy 

channel matrix filter H actually consists of a number of 
channel matrices H, each of which is an HsM mat rise, where P 
is +i i UvC -arc - <- - - N >>< i > M 

is c v. rat vn * *. < ) ^ v 

mat rix filter H { M is Its tors! 

* x ^ \v- _ v \ L _ N " I -) c 

( : s > i > n 2 ; a" nc 5 ! -~ 

sir-q ; > cruc ' v „ v ^ s > ' * >« see 

part of any suitable transmit antenna array. 

The receiver equaliser Riz) for processing the o; time snap 
shots of the received vector Xk to obtain a good MMSB 
estimator of the transnritteci signal vector ay can be 
represented as follows; 

^4 ~ r (10) 

'shore * is the deiav - i <ni , It is the equaliser tap at the 

' ;ltl . »> {10) 

the recovered signal vector,, I, , where the hat indicates 
r ' i, 

,t - [nf hi K J. i i\R. Id ill) 
By <o ^ a * . ■> - 1 - n - e •> ^ 

1] o--y /it) 
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B[5ST)*/, (13) 



the HMSE ssttmatox E for estimating |, from S can be writ tea 



go... |w*-*<x*y\ 



.n this erdjodiruent the quality par aria ter QP is chosen to be 
rignal -to -o-.-oise ratio {BWR} . How,, for the 1-th transmit 
intenna the SNR in. given, by: 



bVb ^ j Jbeo /f | , (1.5) 



vhersr b»X ? , , * at uhis point the values for each 

transmit antenna can be compared with a threshold f tb;, h . 
The raiuaini.no steps : easing to the selection of which 
an.srait ante > i s c - . N >go» to 

i i 

The method of invention, car'; also be used in mat ti --carrier 
systems using spatial multipl axing . In these types of 

% c\ - a 

different channel in propagating from the transmit unit to 
the or--" - - ?n has 

>^,^a-Lx w„ , r .,- s ^ ~.pf x.c v.n>_ k v --ol 

5:Ub- carrier t 
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; -s -ii". ; wii i »j v N >r at 

the different sub -carrier, frequencies. In. other so.ccay 

data transmitted fxom a transmit antenna on a first sub™ 

v • - . " QP U 

. a. .- 1 . - ' ^ t -> to 

deactivate in this case is made based on the average 
quality parameter jtlf for the group of sub-descriptors 
associated with beat .antenna. dirh this change, the method 
of invention can he employed in multi-carrier systems as 
described for non multi -carrier comctuni nation systeras. 

The method of the invention can be need in soft hand-off 
between base stations in cellular systems, Alternatively r 
partial hand-off s or gradual hand-offs between base 

belonging to fairer sr. v. bsss stations at all times. .also,- 

in i •> -h » _\ nav t > 

chore the channel does net change appreciably over time.. 

In as, ten - no 
<- t - - ' r> ~- > v i " 

It will be clear to one skilled in the art that the above 
i i >ut m. roy be sir seed in easy rsys vis; hout departing 
front the scope of toe invention.. Accordingly* the scope of 
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the ^ 1 v , \i ^ 1 - in * ■> t e *i 

and their legal equivalents , 
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method for selecting 
u 1 1 ip i e to cl c oaaia n i. c at 1. o n 
ra.aariixtti.rig data between 
raasadt aateaaas sad a rat 



determining 
descriptor® 
antennas? 
ehoos: 



nod 



- en is a- s} ; - i 
in. a channel. i 
i transmit unit hard 
are n hating recei 



XU; 



a quality parameter; 
assigning- a threshold to said quality paranetaa 
identifying among said sub-descriptors ;a 8 
descriptor not. meeting said threshold; and 
deactivating .among said transmit antennas 
antenna associated velah said sub™ descriptor* 



2, n > >-~u - I v, n^tr *c 1 v - - 

parameter is selected fraro the group consisting 
or s:d:xrunl'-dc--Cu"rerterance and noise ratio, 
i ra tic , power level < 



the 



n a a to 

oub«descripL:ors are rename vat a .fi.lte.rs 1% of said 

a ' - I"! 3 v d uh--descripto 

is dr-T.-d. : i h, . 
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The raeanod or claim 3, f archer comprising 
v nIi". h , it » a ' a 

channel matrix filter H to obtain a subset, 
channel aratria fitter Hi, 



i £ i i < >' N i 

is i v i - i a ^>''.a / i 

and said deactivating. 



61 The method of ciaro. 1 , vfnersio said spatial 
ausltipiered coitus an lea ilea employs a number of 
a uO~ carrier tones associating groups of said sub- 
descriptors with said transmit antennas , 



quality parameter for said groups of c ub- 
dsacripiora 1 Ides , a aong id 

groups of sab-dascriptors a group of sub- 
descriptors not meeting said threshold, arid 
aaid deactivating coa-prisae deactivating 
mi "i u : r.am.sah.t rtennar ■ -a 
sees J ateo' a: i 

descriptors . 

3, The method of claim I, wherein said oh son si 
;r | a a ehaon i matrk Hi I a 

descriptors are .car •••act does fu of said, channel 
mat e a B and s d sit descriptor £ a sub -matrix 
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i <.v v v. jto t ;a 

c; ai nel : tti> t - - rn - subset t^n: e 
matrix 1 , 



comprising repeating said idervti f yisg 
and said deactivating, 

11. The method of claim. I > further comprising 
adjusting said threshold* 



The t N > > 

comprises a predetermined coding rate and 
modulation, 

ire method of alalia 11,. wherein said 
threshold is assigned, based on said selected 
mode , 

The . , i , .1 c -> „ . ^ r* \ « 

selected mode is based on said quality 
parameter - 

The rot. pa ris - £ > v. id 

1 " „ rand is fed t-ses to sain nun ~ 
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17, The method of claim i, wherein said receive unit 

u t, i 1 T 13 

veil hood la - ng equ 

receiver. mwrasas.ry - 1 Liat divers and 

!W,io,i ^ -c„ : n -s - > . 

13, A Taetriod for selecting antennas for spatial 
multiplexed cormnun ica t i on in a channel for 
.transmitting data between a transmit unit having 
tranantit antennae and a receire unit having receive 
antennas, said method comprising;; 

a) determining a channel descriptor having sub- 
descriptors corresponding to said transmit 
ant annas : ; 

b} choosing a quality parameter; 

p.): assigning a threshold to said quality parameter; 
a) identifying among said sab-descriptors a set of 

deacriri rt - sa * v c - i >.?• i e.i na - 

antennae associated with aaid set of sub- 
descriptors , 

IS;, The method of claim 18, wherein said quality 

^ rametet c c set an frc . v .rrct.g rensisl - a 
of signai-to~inbe.tr erence and noise ratio,, 

signal-to-noise ratio., power level, 

10, Th& method of claim 18., wherein said channel 
- II, sa-d 



IS 



WO 



channel matrix filter H, and said set of aub- 
descriptars is „ set ct s 10 a sub-rnstrix filters 

hi , 

21. I « rr N ^ N "v - t sriits aprisi 

removing said set of sab-matrix filters h, : 

i H 
v v <■ t t H 



2he net bod of cla 
coispr i s lag repeating 
and said dsacti vat log . 



23, The method of claim IS, wherein said spatial, 
multiplexed corurunication employs a number of 
ssb~catrisr tones associating groups of said sub™ 
desctipto .u„ sa i ii :isn \ =tnta mas, 

24. The method. of el a in 23, aberein said 
1 dent lib prise.' a- r m -voragi 

! ^ " ^ U) >™ 

g roups of sub-descriptors 3 set of groups of 
;•: i c e r s sot suss 1 1 r g sa i d threshold , 

3 fsa q s deactivating 

a - ^ ~ of 

* - \-r- a 
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descriptor la a ccscnel mat r ix H, said sub- 
descriptors are sub~matrix;es ;o of said channel 
i v . 5 3 is a 

set of said sub -ma trice a rr . 



2€s The met \ v \ t uprising 

resovd.iig said set - 1 - \ , - , > N t roxi 

said channel ■r;atr:i..x H to obtain a subset 
cheese::, matrix H 5 , 



27, The method of claim 26? further 
v tk i^m i»< . t»\ _ .o ! \ 

and said deactivating. 

28. The rasters of claim 18, further comprising 
adjusting said threshold, 

2§, The method ( d date is 

coded arid modulated is. accordance with a sei acted 
mode x 

met coin said lock 

,:rr co i rat and 

modulation . 

Bid The meaner -.rf e . -or 22, wherein said 
threshold - , ..u. baaed on sard selected 

mode . 
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32 > - " - - - -a 

ss s ted n - ; based a; said qua:] ty 
— v-m~ , 



Trie < 
selected ooee Is :" si bach to sard transmit 



34, ' , acv i £ < ' i 

is selects* mma the jro.ujr sons is Ins of mar mars 
its "i m i eceissrs sere lore! no eqadiirs.; 
x « x 5. t i i and 

mlniroam mean square error equalizer receivers:. 



35< A method for selecting antennas for spatial 
multiplexed coammmication in a charms! tor 
* nvsai-:tiau N - < 1 transmit mtsnxaai a a 
receive unit naving an array of recei.ve antennas,, said 

d a termini cb pto v uo 

descriptors corresponding to said transmit 
antennas; 

b) choosing a quality parameter; 

c) assigning a threshold aa said quality parameter; 
k > ' _ a ^ , 1 - _ am s - -nn 

descriptor aoa meeting said threshold? and 
v • Seam' m.-..r j. na -mvmmg said transmit antennas an 
r-A > ass a- dm mi raid sub - - atom 



16, The method mi claim 35, mderein said quality 
parameter la selected from the grasp consisting 
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s Igua 1 ^ > 1 i s a 

signal-to-noise ratio, power ].evei, 

37 \ I 5 \ in * 

descriptor is a oharmoi matri.r filter H,, said 
ufr-da - ti s ll,, of said 

chaxx moi mat s filtsr H, - old o e< 
is a sub-mar rio; filter h ; - 

2 \ Hi ^ l't , > > v i 1 f < 

removing said a nomas trio filter h; from said 
channel matrix filter H to obtain a subset 
channel matrix filter: H"' . 

39, The method of cla^n 33, f\i ohcr 
> ©mpr.i sis i f s i identifying 

and said deactivating. 



40. The method oi claim 35 , eherela said spatial 
so > ploys n > t o of 
sub-carrio t * s. oial no jo , •: said rub- 
le semolpt or s ob 1 i mro; 



The mooted of claim 40, wherein said 
xdeoti lying comprises oomooo.hog an aoerage 

"^ v - - oa -t^ {i roups or a< 
descriptors and iderd trying among said 
groups or sub -descriptors a group of safo™ 
vi »ct it not meeting said thresnoj.ot and 
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said , * * - deaetduating' 

among said transfix antennas- n antanna 

associated with Bald group or sub- 
descriptor a . 



■42, The method of claim 35, uherain said channel 
\ u.ns.'i mat { 

descriptors are sub-matrices b. t of said channel 
matrix R, and said sub-descriptor is a sab-iaatrix 

43 > the method of Glairs 42, farther comprising 
> v ^ i b eaa t r i a 1 . 1 

channel matrix K to obtain a Subset starves i 
mat r is H' , 



<bb. * at a-a- or or c a-m b\< lurf* > 
comprising repeating said idea" if vine 
and said deactivating v 



doe > v ( a mm<> 

a . l a - j z 



•IS, The mediod of ciaia .r .: , wherein said selected 
mode is based oa said qua lav. y parameter - 



aba group 



aceilation reeei 
v rail ;ae see 
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having u A . a - ao::; a receive '.rf.it ha vine- 

l or. 

a) x ^ l o i „ i't s 
< na irie.i a: r jb-d >: ipi ir- 
corresponding to said transmit antennas; 

b) a mode selection block for receiving a quality 
t . N v. , assigning a threshold to said guaiitv 
^ ex, - sub- 
descriptors at least one cab-dsn? victor not 
moating said threshold? 



and said transmit unit comprising a control logic for 
receiving sold feedback and eeacoi rating among said 
tr&nsndt antennas, antennas associated with said at 
sob~d 

4 9,1 - r id transs 

un.it. further comprises a spatial multiplexing 
block connected to said controller for coding and 
resit ipieaing said dsnovo 

SO, fh i ! ! i said transra 

? " >• s. ^ - s „- v v ' . \< u " for 

daaotinating said antennas. 
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:n ^ i t mean square error equaliser receivers. 

52. i systis fi sp v u tor in 

v:ka:-r.m f teeen air r > s 

iu i J >v j •» %r s r ni <■ < "> v un: 

comprising: 

a) a channel estimation block for determining 



parameter, assigning a threshold to said quality 
pe Tapster, and ideniiiying among said. sub- 
descriptors at least one sob-descriptor not 
meeting said threshold; 
c) < 1 t i to 

said at least one ■„ - i to said transmit 

and i uuvtroi 

logic tor receiring said, feedback and deactivating 
among said transmit antennas f antennas associated with 
said at .least, oca sub- descriptor . 



iuraOar comprise sparer.; ,oa.:.trp.; 
u - : : \ T " ip U - i c si A ire. 



wo mnmsi 



nrrmmnum 



further oouspriee switching units, for- deactivating 
said antennas. 

Si.. Tin system of claim 52, v> ;;; :o...r. said receive unit 
v. , -me ir:o m\ To i ? ) * n ;rt i 

! ^ v 1 ^ ^ v N - , ' ' } * " 

„ ^ t v. ^ ' i ' un.d 

ei-drcr:; mean square error equaliser receivers, 

56. The systsra of cia.iai 52, wherein enid control 
logic comprises a number of control unite. 

transceivers has one of said control units. 
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